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57 ABSTRACT

One embodiment of the described invention is directed to a
computerized method for improving detection of cyberse-
curity threats initiated by a script. Herein, the method is
configured to analyze the script provided as part of a script
object by at least (i) determining whether any functional
code blocks forming the script include a critical code
statement, (i) determining whether any of the functional
code blocks include an evasive code statement, (iii) modi-
fying the script to control processing of a subset of the
functional code blocks by avoiding an execution code path
including the evasive code statement and processing func-
tional code blocks forming a code path including the critical
code statement, and (iv) executing of the modified script and
monitoring behaviors of a virtual environment. Thereafter,
the method is configured to determine whether the script
including cybersecurity threats based on the monitored
behaviors.

25 Claims, 12 Drawing Sheets
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FIG. 3B

. 180
Attribute Name = "Malicious code"

) Sub AutoOpen ()
3505 RunMe
End Sub

[ Function RunMe ()
getReturnUName = Environ ("userdomain")

355
YIf getReturnUName = "CORP" Then}3503

A,

3505 TempWrt

Appllcatlon th} 3504
End If

L End Function

[ Function TempWrt ()
On Error Resume Next

Dim wsh As Object 358
Set wsh = CreateObject ("WScript.Shell")

Srt = "powe”

Srt = Srt + "rshel"

Srt = Srt + "l.exe" <First Parameters>

Srt = Srt + <Second Parameters>

Srt = Srt + "cwBhAGwalAdBhAATg16mmcALQBPAGIAagB1AGmkkIMBVOOpMKHDUTR"
Srt = Srt + "walAdBhAATg16mmcALQBPAGIAagB1AGmMkKIMOpMKHDUTRKI8Nn3UDHT"

35088

wsh.Run Srt, 0
On Error GoTo 0
End Function

~
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FIG. 3E

Attribute Name = "Malicious code”

Sub AutoOpen () ~ea——350 1
RunMe

End Sub

Function RunMe () ~e=—""350,
3503 getReturnUName = Environ ("userdomain")

If ({getReturnUName = "CORP") Or True Then

3504 TempWrt
\ Else .
Application.Quit ~e—~357 385

End If
End Function

3305 Function TempWrt ( )
On Error Resume Next
Dim wsh As Object

Set wsh = CreateObject ("WScript.Shell")

358
Srt - I!p0wel| /
Srt = Srt + "rshel"

Srt = Srt + "l.exe" <First Parameters>

Srt = Srt + <Second Parameters>

Srt = Srt + "cwBhAGwalAdBhAATg16mmcALQBPAGIAagB1AGmkkIMBVOOpMKHDUTR"
Srt = Srt + "walAdBhAATg16mmcALQBPAGIAagB1AGmMKkIMOpMKHDUTRkI8nn3UDHT"

wsh.Run Srt, 0
On Error GoTo 0
End Function
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FIG. 4A ?
400

RECEIVE SUSPICIOUS SCRIPT OBJECT

CCESS TO COD

NO
410 ITHIN SCRIPT OBJECT
AN ,
EXTRACT SCRIPT OBJECT 420
FROM PROTECTED A VES 125
SUSPICIOUS OBJECT /
412— ' SCAN SCRIPT TO IDENTIFY "N"
SAVE OBJECT WITHOUT FUNCTIONAL CODE BLOCKS
SCRIPT OBJECT AS { 430
UNPROTECTED OBJECT DETERMINE RELATIONSHIPS BETWEEN THE
! “N" FUNCTIONAL CODE BLOCKS (CODE PATH)
RE-INSERT RECOVERED {
UNSF%E C‘%Ef)EgLJIENCT — PARSE FUNCTIONAL CODE BLOCKS TO
. COLLECT CONTENT (SOURCE CODE) FOR EACH
IDENTIFIED (N) FUNCTIONAL CODE BLOCKS

s14-418—" 435

440 ~__ DETERMINE WHETHER ANY FUNCTIONAL CODE BLOCKS INCLUDE
CRITICAL CODE STATEMENT AND/OR AN EVASIVE CODE STATEMENT

!

ASSIGNING A FIRST CYBERSECURITY METRIC (THREAT WEIGHT

44
N VALUES) TO EACH FUNCTIONAL CODE BLOCK TO IDENTIFY A
PRESENCE OF CRITICAL CODE STATEMENT(S)

!

450 ASSIGNING A SECOND CYBERSECURITY METRIC (EVASIVE WEIGHT
"  VALUE) TO EACH FUNCTIONAL CODE BLOCK TO IDENTIFY A
PRESENCE OF EVASIVE CODE STATEMENT(S)

!

455 RE-ADJUSTING WEIGHTING OF THE CODE PATHS OF THE CONDITIONAL
"\ FLOW GRAPH TO GENERATE A REPRESENTATION HAVING TOP LAYER
FUNCTIONAL CODE BLOCKS WITH AGGREGATED WEIGHTS
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CSTARTD

500 =~ EXECUTE MODIFIED SCRIPT BYPASSES
TO A PARTICULAR CODE EXECUTION PATH

l

5710 e~ RECEIVE EVENTS GENERATED DURING
EXECUTION OF A PORTION OF THE MODIFIED SCRIPT

l

ASSIGN A DIFFERENT EVENT HANDLER IDENTIFIER TO
520~—~—— EACH THREAD CONTROLLING CURRENT EXECUTION
OF THE PARTICULAR MODIFIED SCRIPT

l

ASSIGN A PATH IDENTIFIER TO EACH EVENT
BASED ON ITS CODE EXECUTION PATH

l

STORE AND/OR PROVIDE BEHAVIORS FOR
40—~ ANALYSIS BY CLASSIFICATION ENGINE

530 —~—

FIG. 5
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600 =~

IDENTIFY CHANGE OF CONTROL IN CODE
ASSOCIATED WITH CODE EXECUTION PATH UNDER ANALYSIS

610
CHANGE OF
620 VES —~"CONTROL ASSOCIATED WITH
7 ! EARLY TERMINATION
MODIFY CODE FOR CHANGE OF
CONTROL TO INCLUDE "AND" No
STATEMENT TO AVOID TERMINATION FIG. 6
630
SPECIFIC
CHANGE OF CONTROL
YES WANTED TO ENSURE
640 EXECUTION OF
\ { CRITICAL CODE
STATEMENT
MODIFY CODE FOR CHANGE )
OF CONTROL TO INCLUDE
"OR TRUE" STATEMENT TO NO
DIRECT PROCESSING TO
CRITICAL CODE STATEMENT
650
AVOID SPECIFIC
YES CHANGE OF CONTROL
TO BYPASS EVASIVE CODE
660 STATEMENT
\ ! ?
MODIFY CODE FOR CHANGE
OF CONTROL TO INCLUDE NO
"AND FALSE" STATEMENT
670
SPLIT BLOC
VES OF CODE TO AVOID
CERTAIN CODE AND CONTINUE
680 EXECUTION OF
\ Y BLOCK
MODIFY CODE IN BLOCK ?
TO SPLIT AND INCLUDE -1 NO

"RESUME NEXT" OPERATOR

Y
END
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1
SYSTEM AND METHOD FOR
CIRCUMVENTING EVASIVE CODE FOR
CYBERTHREAT DETECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 17/133,379 filed Dec. 23, 2020, now U.S. Pat. No.
11,436,327 issued Sep. 6, 2022 which claims the benefit of
priority on U.S. Provisional Application No. 62/953,415
filed on Dec. 24, 2019, the entire content of which are
incorporated by reference herein.

FIELD

Embodiments of the disclosure relate to the field of
cybersecurity. More specifically, one embodiment of the
disclosure relates to a system configured to improve detec-
tion of cybersecurity threats (hereinafter, “cyberthreats™)
that are initiated by scripts having code to evade detection,
and the corresponding method thereof.

GENERAL BACKGROUND

Conventional cybersecurity devices are designed to detect
cyberthreats caused by an executable within an object, such
as a file, electronic mail (email) message or web content for
example. When processed, the executable causes a targeted
device to perform unauthorized, unexpected, anomalous,
and/or unwanted behaviors or operations (hereinafter, “mali-
cious behaviors™). These malicious behaviors may be con-
ducted automatically or may be conducted in response to
human interaction prompted by the executable.

Currently, to detect cyberthreats, cybersecurity devices
deploy an analysis system. One type of analysis system
features a virtual machine provisioned with one or more
software profiles, which are identical or similar to a device
targeted to receive the object. The provisioned virtual
machine conducts behavioral analyses of the executable or
script. Stated differently, the cybersecurity analysis system
processes the executable, where the object is deemed to be
“malicious” when the cybersecurity analysis system
observes malicious behaviors caused by this executable.

Recently, various scripts (e.g., macros or other executable
content such as PowerShells, JavaScripts®, etc.) are becom-
ing an increasingly common cybersecurity attack vector. As
a result, some security administrators are taking precautions
by restricting the execution of unauthorized scripts, espe-
cially scripts contained within web content received over a
network. However, these restrictions impose a number of
disadvantages. For example, one disadvantage is that these
restrictions would significantly decrease a user’s overall web
experience because dynamic content, such as web content
controlled by a script for example, would be prevented from
being fully displayed. Another disadvantage is that these
restrictions would eliminate or mitigate operability of some
applications that rely on dynamic scripts.

Furthermore, malicious scripts are more commonly being
configured with evasive code, namely code structured to
attempt to evade detection, especially when the malicious
script discovers that it is being processed within a cyberse-
curity analysis system. The evasive code may be structured
to perform an “active evasion” in which the script performs
operations in efforts to evade detection by the cybersecurity
analysis system or “passive evasion” in which no malicious
behaviors are conducted until the malicious script detects an
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occurrence of a specific event (e.g., user interaction evi-
denced by mouse movement, selection of an object, etc.). In
accordance with conventional cybersecurity techniques,
evasive code has additional complexity to the detection of
malicious scripts, increasing the difficulty of detecting a
cyberattack prior to activation and commencement of execu-
tion of the script.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of
example and not by way of limitation in the figures of the
accompanying drawings, in which like references indicate
similar elements and in which:

FIG. 1A is a block diagram of an exemplary embodiment
of cloud-based cybersecurity system including cybersecurity
analytics logic to detect script objects coded to evade
malware detection.

FIG. 1B is a block diagram of an exemplary embodiment
of'an on-premises cybersecurity system including the cyber-
security analytics logic of FIG. 1A.

FIG. 1C is a block diagram of an exemplary embodiment
of a hybrid deployment featuring an on-premises cyberse-
curity system that includes a first portion of the cybersecu-
rity analytic logic to detect a suspicious script object and a
cloud-based cybersecurity system including a second por-
tion of the cybersecurity analytic logic to determine whether
the suspicious script object is malicious.

FIG. 2 is an exemplary embodiment of the cybersecurity
analytic logic of FIGS. 1A-1C.

FIG. 3A is an exemplary embodiment of the multi-stage
analytic engine of FIG. 2.

FIG. 3B is an exemplary embodiment of a code repre-
sentation of the script object of FIG. 3A.

FIG. 3C is an exemplary embodiment of condition flow
graph generated by the conditional flow graph generation
logic of FIG. 3A.

FIG. 3D is an exemplary embodiment of the weighted,
prioritized condition flow graph generated by the code path
prioritization logic of FIG. 3A.

FIG. 3E is an exemplary embodiment of a representation
of a modified script object generated by the script code
modification logic deployed within the multi-stage analytic
engine of FIG. 3A.

FIG. 4A is an exemplary embodiment of a flowchart
illustrating operations conducted by the cybersecurity ana-
Iytic logic of FIG. 2.

FIG. 4B is a block diagram representing operations of the
cybersecurity analytic logic of FIG. 2 when access to code
within the script object is unavailable.

FIG. 5 is an exemplary embodiment of the operations the
code path prioritization logic of FIG. 3A to generate content
associated with a weighted, prioritized conditional flow
graph for storage and retrieval by the script code coverage
logic of FIG. 3A.

FIG. 6 is an exemplary embodiment of the operations the
script code modification logic deployed as part of the
multi-stage analytic engine of FIG. 3A.

FIG. 7A is an exemplary embodiment of an illustrative
conditional flow graph of a script object.

FIG. 7B is an exemplary embodiment of the weighted,
prioritized condition flow graph of the script object of FIG.
7A.

FIG. 7C is an exemplary embodiment of the representa-
tive code execution paths to be analyzed during different
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processing cycles conducted by the third (behavior) analytic
stage of the multi-stage analytic engine of FIG. 2.

DETAILED DESCRIPTION

Embodiments of the present disclosure generally relate to
a cybersecurity system that is configured to identify script
objects (e.g., objects including one or more scripts) and, for
each script object, the cybersecurity system (i) recovers code
associated with a script included as part of the script object,
(i) identifies functional code blocks within the recovered
code, (iii) identifies “suspicious” functional code blocks
which may include a critical code statement and/or an
evasive code statement along with their relationships with
other functional code blocks, and (iv) encourages execution
over a code execution path that includes one or more
functional code blocks (hereinafter, “functional code
block(s)”) including at least one critical code statement
while attempting to bypass functional code block(s) includ-
ing at least one evasive code statement. The cybersecurity
system may be deployed to support a cloud service, an
on-premises network device, or even a hybrid deployment as
illustrated in FIGS. 1A-1C.

Herein, a functional code block is a block of code that
includes a plurality of code statements, where the functional
code block may be determined to be “suspicious” if the code
block include one or more code statements that may con-
stitute a critical code statement and/or an evasive code
statement. As a “code statement” pertains to a set (one or
more) of instructions that form a portion of software (e.g.,
program, etc.) and expresses an activity to be performed by
that portion of software, a “critical code statement” includes
one or more instructions having at least (i) a first level of
correlation with code statements associated with known
malware and/or (ii) a second level of correlation with code
statements associated with known goodware. Additionally,
an “evasive code statement” includes a portion of code that
halts the script from completing its execution (e.g., termi-
nates, causes a system crash, etc.) or intentionally delays
execution of other functional code blocks based on event-
driven evasion (e.g., occurrence of an event that prompts
execution or non-execution of the code such as a dialog box
interfering with script processing) or through a change of
control (e.g., one or more BRANCH code statements, IF
code statements, IF-ELSE code statements, JUMP code
statements, or the like). The presence of an evasive code
statement may be ascertained by determining at least (i) a
first level of correlation between the evasive code statement
and code statements associated with known malware with
evasive capabilities and/or (ii) a second level of correlation
between the evasive code statement and code statements
associated with known goodware. The levels of correlation
may be the same or may differ from each other.

According to one embodiment of the disclosure, the
cybersecurity system features cyberthreat analytic logic,
which includes a multi-stage analytic engine, a classification
engine, and an alert engine. The multi-stage analytic engine
is configured to generate and collect event data (also referred
to as “behaviors”), namely information associated with the
operations of an isolated, virtual environment processing the
script object. The classification engine is configured to
determine whether the script object is malicious based on the
collected behaviors while the alert engine is configured to
report the results associated with the analyses performed on
a script associated with the script object by the multi-stage
analytic engine and the classification engine.
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For an embodiment of the invention described below, the
multi-stage analytic engine includes a first (initial) analytic
stage, a second (intermediary) analytic stage and a third
(behavior) analytic stage. Herein, the first analytic stage is
configured to conduct an initial evaluation of an incoming
object to determine whether the object includes a script
(constitutes a script object), given that script objects are
commonly being used as cybersecurity attack vectors. The
second analytic stage is configured to generate a weighted
conditional flow graph by at least (i) identifying whether any
functional code blocks potentially include a critical code
statement, (ii) identifying whether any functional code
blocks potentially include an evasive code statement, and
(iii) assigning cybersecurity metrics (e.g., certain indicia
such as weights or other parameters) to identify which of
these functional code blocks may include a critical code
statement and/or an evasive code statement, where these
cybersecurity metrics may be used to identify code execu-
tion paths that are directed to malware and/or evasive code.
The second analytic stage is further configured to modify
code within the script object to attempt to direct execution
along code execution paths featuring one or more functional
code blocks including at least one “critical” code statement
and thereby, at least initially, bypass code execution paths
directed to evasive code. The modification of the code
within the script may enable execution of certain functional
code blocks having at least one critical code statement
earlier than would occur in normal execution.

The third analytic stage of the multi-stage analytic engine
is configured to collect behaviors generated during execu-
tion of the modified script, namely behaviors generated by
functional code blocks associated with the code execution
paths starting with the one or more critical code execution
paths. As described below, the second analytic stage may
support iterative modification of the script to control the
execution flow of code within the script so as to collect
behaviors of functional code block(s) along critical code
execution path(s) and initially avoid the evasive code
path(s).

More specifically, the first analytic stage is configured to
conduct an initial classification of an incoming object to
determine whether the object is “suspicious” or “benign.”
According to one embodiment of the disclosure, the object
may be initially classified as “suspicious” when the object
includes one or more scripts (i.e., constitutes a script object).
Optionally, the first analytic stage may be configured to
conduct further analyses, such as a comparison of certain
content within the script object (e.g., source of the script
object, etc.) with black list content to determine whether the
script object is malicious. Responsive to an initial malicious
classification, the first analytic stage may bypass further
analyses of the script object by the second analytic stage
and/or the third analytic stage, as described below. For
convenient, a visual representation of the conditional flow
graph is provided, although the content of the conditional
flow graph includes code blocks and context information
obtained from the control flow (e.g., which functional code
blocks prompts execution of another functional code block,
whether the functional code block is conditional thereby
being a starting point for multiple execution code paths
therefrom, etc.)

The second (intermediary) analytic stage features condi-
tional flow graph generation logic, functional code block
weighting logic, code execution path prioritization logic,
script code coverage logic, script code modification logic,
and a data store. According to one embodiment of the
disclosure, the conditional flow graph generation logic
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receives the script and generates a conditional flow graph
representing the functional code blocks and the relationships
between the functional code blocks forming the script. The
functional code blocks forming the conditional flow graph
are made available to the functional code block weighting
logic.

Herein, according to one embodiment of the disclosure,
the functional code block weighting logic analyzes the
content of the functional code blocks and identifies those
functional code blocks that include one or more critical code
statements (e.g., code with a prescribed likelihood of being
associated with a cyberthreat) and/or one or more evasive
code statements, as described above. Thereafter, the func-
tional code block weighting logic assigns threat weight
values to the functional code blocks.

Stated differently, the functional code block weighting
logic assigns a threat weight value to each of the functional
code blocks, where a particular value signifies the likelihood
of one or more critical code statements (hereinafter, “critical
code statement(s)”) being located in that functional code
block. The threat weight values associated with a series of
functional code blocks identify the likelihood of a particular
code execution path including the functional code blocks as
being associated with a cyberattack. As an illustrative
example, the threat weight value may be determined, at least
in part, on the level of correlation between the critical code
statement(s) associated with the particular functional code
block and critical code statements associated with known
malware. Hence, the functional code blocks including criti-
cal code statement(s) associated with known malware may
be assigned certain threat weight values that are different
from those threat weight values assigned to functional code
blocks without a critical code statement (e.g., more positive
values identify a greater likelihood of maliciousness). Stated
differently, the assignment of threat and/or evasive weight
values may occur through a mapping between known critical
code statements and/or evasive code statements and their
corresponding weight values maintained within a data store
(see FIG. 2).

Similarly, the functional code block weighting logic
assigns an evasive weight value to each of the functional
code blocks, where a particular value signifies the likelihood
of one or more evasive code statements (hereinafter, “eva-
sive code statement(s)”) being located in that functional
code block. The evasive weight value may operate as a
secondary parameter for use in selecting code execution path
when the threat weight values for two functional code blocks
along the same layer of the conditional flow graph are
equivalent, where a “layer” is identified as a number of
“hops” along an execution code flow from a top (or highest)
layer, where the top layer occupies the start of an execution
code path. Hence, neighboring layers may be associated
with functional code blocks that are directly dependent on
which other.

Herein, according to one embodiment of the disclosure,
the evasive weight values may be determined, at least in
part, on the level of correlation between the evasive code
statement(s) associated with the particular functional code
block and evasive code statements associated with known
malware. Hence, functional code blocks including evasive
code statement(s) correlated with known evasive code state-
ments may be assigned certain evasive weight values that
are different from the evasive weight values for functional
code blocks without evasive code statements. For example,
the evasive weight value may be greater to identify a greater
likelihood of that functional code block including evasive
code.
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Additionally, the code execution path prioritization logic
of the second analytic stage is configured to generated a
weighted, conditional flow graph by at least determining the
threat weight value associated with each lowest level func-
tional code block(s) represented within the conditional flow
graph and propagating this threat weight value upward in the
conditional flow graph to neighboring higher-level func-
tional code block(s), until a highest level functional code
block within the conditional flow graph is reached. Stated
differently, the threat weight value of each “child” functional
code block, which is set based on the likelihood of critical
code statement(s) residing in that “child” functional code
block, is combined with the threat weight value of its
neighboring “sibling” functional code block to generate a
reassigned threat weight value for “parent” functional code
blocks being part of the conditional flow graph. The reas-
signing of threat weight values continue until a highest layer
of the conditional flow graph is reached.

As a result, the code execution path prioritization logic
modifies a threat weight value associated with a particular
functional code block in the conditional flow graph, pro-
vided the particular functional code block includes one or
more neighboring, lower-level functional code block(s) that
collectively amount to a non-zero threat weight value. This
produces top-layer functional code blocks being assigned an
aggregate of the collective threat weight values for any
lower-layer functional code blocks originating therefrom.
Also, code execution paths with different threat weight
values may be produced, given that a change of control (e.g.,
a BRANCH code statement, IF code statement, IF-ELSE
code statement) may feature conditional functional code
blocks with different threat weight values, as illustrated in
FIG. 3D or FIG. 7B and described below. The code execu-
tion path prioritization logic is also configured to propagate
any evasive weight values so that functional code blocks
including evasive code statement(s) may be identified and
their corresponding code execution path may be bypassed
where functional code blocks along different execution paths
are equal in threat weight value, but one of the functional
code blocks suggests a presence of evasive code.

Thereafter, the code execution path prioritization logic is
configured to store the content associated with the condi-
tional flow graphs (e.g., content of the functional code
blocks, threat (and/or evasive) weight values associated with
these functional code blocks, relationships such as one or
more code execution paths to which a functional code block
pertains, etc.) within a data store that is accessible by the
script code coverage logic. The script code coverage logic is
configured to initially select, for processing and analysis, the
code execution path within the conditional flow graph with
the highest likelihood of its functional code blocks including
a critical code statement. Upon selection of the particular
critical code execution path, the script code modification
logic may be configured to alter content (code) of the script
to allow for execution of the script over the selected critical
code execution path and avoid functional blocks with high
evasive weight values. This enable the behavioral analytic
stage to initially avoid evasive code and concentrate on
portions of the script that may include malware. This avoid-
ance may continue by selecting different critical code execu-
tion paths over the same execution thread in efforts to delay
execution of the functional code blocks that potentially
include evasive code statements.

In summary, based on prioritization of code execution
paths as described above, the second analytic stage may be
configured to initially bypass evasive code within the script
in efforts to execute the code associated with critical code
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statements that would have been avoided (or at least
delayed) during normal execution of the script, as the
evasive code within the script may be analyzed to provide
complete analytics of the script. The bypassing of evasive
code may lead to a more accurate classification of the script
object by avoiding code designed in efforts to obfuscate a
presence of malware within the script.

Once some or all of the code execution paths have been
analyzed, the behavioral analytic stage may determine a
verdict (e.g., malicious, benign, or perhaps still suspicious
requiring further analysis) for the script object. In particular,
for each code execution path, the behavioral analytic stage
receives the modified script and, in response to the process-
ing of the modified script, behaviors are observed and stored
within an event log. According to one embodiment of the
disclosure, the behavioral analytic stage may include, for
example, a virtualization engine for generating a virtual
machine instance configured with a guest image (e.g., con-
taining an operating system and one or more applications).
Herein, the script is modified and run multiple times (itera-
tive) to cover some or all non-zero weighted execution paths
(depending on the size of the script), which occurs in a single
instance of a VM. The guest image is used in establishing a
monitored run-time environment in the virtual machine
instance used in executing the modified script. The guest
image may be factory-provided and configurable and/or
customer provided and configurable.

The behaviors along with meta-information identifying
the code execution path and thread associated with the script
may be stored as part of an event log, which is accessible by
the classification engine. The classification engine may
assign a maliciousness score to each identified behavior
and/or to sets of identified behaviors, based on prior clas-
sifications of malware, e.g., verified through reverse engi-
neering of previously identified malware and/or legitimate
code. If the maliciousness score exceeds a threshold, the
submitted script object is classified as malicious. If the script
object is classified as malicious, an alert (e.g., “threat
warning” text or other electronic message or a displayable
report) may be generated and issued by the alert logic via a
communication interface, for example, to a security admin-
istrator.

1. Terminology

In the following description, certain terminology is used
to describe aspects of the invention. In certain situations, the
terms “logic” and “engine” are representative of hardware,
firmware, and/or software that is configured to perform one
or more functions. As hardware, the logic (or engine) may
include circuitry having data processing and/or storage
functionality. Examples of such circuitry may include, but
are not limited or restricted to a processor, a programmable
gate array, a microcontroller, an application specific inte-
grated circuit, wireless receiver, transmitter and/or trans-
ceiver circuitry, semiconductor memory, or combinatorial
logic.

Alternatively, or in combination with the hardware cir-
cuitry described above, the logic (or engine) may be soft-
ware in the form of one or more software modules, which
may be configured to operate as its counterpart circuitry. For
instance, a software module may be a software instance that
operates as a processor, namely a virtual processor whose
underlying operations is based on a physical processor such
as an EC2 instance within the Amazon® AWS infrastructure
for example.

Additionally, a software module may include an execut-
able application, a daemon application, an application pro-
gramming interface (API), a subroutine, a function, a pro-
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cedure, an applet, a servlet, a routine, source code, a shared
library/dynamic load library, or even one or more instruc-
tions. The software module(s) may be stored in any type of
a suitable non-transitory storage medium, or transitory stor-
age medium (e.g., electrical, optical, acoustical or other form
of propagated signals such as carrier waves, infrared signals,
or digital signals). Examples of non-transitory storage
medium may include, but are not limited or restricted to a
programmable circuit; a semiconductor memory; non-per-
sistent storage such as volatile memory (e.g., any type of
random access memory “RAM”); persistent storage such as
non-volatile memory (e.g., read-only memory “ROM”,
power-backed RAM, flash memory, phase-change memory,
etc.), a solid-state drive, hard disk drive, an optical disc
drive, a portable memory device, or storage instances as
described below. As firmware, the logic (or engine) may be
stored in persistent storage.

The term “computerized” generally represents that any
corresponding operations are conducted by hardware in
combination with software and/or firmware.

The term “malware” is directed to software that produces
a malicious behavior upon execution, where the behavior is
deemed to be “malicious” based on customer-specific rules,
manufacturer-based rules, or any other type of rules formu-
lated by public opinion or a particular governmental or
commercial entity. This malicious behavior may include any
unauthorized, unexpected, anomalous, and/or unwanted
behavior. An example of a malicious behavior may include
a communication-based anomaly or an execution-based
anomaly that (1) alters the functionality of an electronic
device executing that application software in a malicious
manner; and/or (2) provides an unwanted functionality
which is generally acceptable in other context.

The term “network device” should be generally construed
as physical or virtualized device with data processing capa-
bility and/or a capability of connecting to any type of
network, such as a public cloud network, a private cloud
network, or any other network type. Examples of a network
device may include, but are not limited or restricted to, the
following: a server, a router or other intermediary commu-
nication device, an endpoint (e.g., a laptop, a smartphone, a
tablet, a desktop computer, a netbook, IoT device, industrial
controller, etc.) or virtualized devices being software with
the functionality of the network device.

The term “conditional flow graph” generally refers to a
collection of information, including segments of code
directed to one or more functions (e.g., a functional code
block) along with information associated with the relation-
ships between these segments of code. Visually, the condi-
tional flow graph may be represented using graph notifica-
tions, in which each segment of code may be represented by
a node and the information associated with the relationships
between these segments of code (e.g., the control flow) may
be represented by edges (lines) between the nodes. The
information may identify one or more code execution paths
to which a functional code block pertains, especially where
changes of control occur in which a flow of execution from
one functional code block may propagate to one or more
different functional code blocks depending on state infor-
mation at the time of execution.

The term “message” generally refers to as information
placed in a prescribed format that is transmitted in accor-
dance with a suitable delivery protocol or accessible through
a logical data structure such as an Application Programming
Interface (API). Examples of the delivery protocol include,
but are not limited or restricted to HTTP (Hypertext Transfer
Protocol); HTTPS (HTTP Secure); Simple Mail Transfer
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Protocol (SMTP); File Transfer Protocol (FTP); iMES
SAGE; Instant Message Access Protocol (IMAP); or the
like. For example, a message may be provided as one or
more packets, frames, or any other series of bits having the
prescribed, structured format.

As described herein, cybersecurity analytic logic may be
deployed, for example, as a part of a “cloud-based hosted
service,” a “hosted service,” or a combination thereof, any
of which operates to protect customer cloud-hosted
resources maintained within a public cloud network. As a
cloud-based hosted service, the cybersecurity analytic logic
may be configured to operate as a multi-tenant service;
namely a service made available to tenants (also referred to
as “customers”) on demand via a public network (e.g.,
Internet). The multi-tenant service may feature virtual
resources, such as virtual compute engines and/or virtual
data stores for example, which are partitioned for use among
the customers in accessing and/or analyzing data maintained
within that customer’s specific cloud account. The partition-
ing protects the security and privacy of the customer data. As
a hosted service, the cybersecurity analytic logic may be
configured as a single-tenant service provided by a custom-
er’s own on-premises server(s) to access and collect meta-
information from that customer’s cloud accounts(s).
Examples of a hosted service may include, but is not limited
or restricted to a Microsoft® Exchange® server, a file
repository, or the like.

In certain instances, the terms “compare,” comparing,”
“comparison,” or other tenses thereof generally mean deter-
mining if a match (e.g., identical or a prescribed level of
correlation) is achieved between meta-information associ-
ated with two items under analysis.

The term “transmission medium” generally refers to a
physical or logical communication link (or path) between
two or more network devices. For instance, as a physical
communication path, wired and/or wireless interconnects in
the form of electrical wiring, optical fiber, cable, bus trace,
or a wireless channel using infrared, radio frequency (RF),
may be used.

Finally, the terms “or” and “and/or” as used herein are to
be interpreted as inclusive or meaning any one or any
combination. As an example, “A, B or C” or “A, B and/or
C” mean “any of the following: A; B; C; A and B; A and C;
B and C; A, B and C.” An exception to this definition will
occur only when a combination of elements, functions, steps
or acts are in some way inherently mutually exclusive.

As this invention is susceptible to embodiments of many
different forms, it is intended that the present disclosure is to
be considered as an example of the principles of the inven-
tion and not intended to limit the invention to the specific
embodiments shown and described.

II. Cybersecurity Analytic Logic Deployments

Referring to FIG. 1A, a block diagram of an exemplary
embodiment of cybersecurity analytic logic 100 operating as
a service within a cloud network 110 (e.g., public or private
cloud network) is shown. The cybersecurity analytic logic
100 receives and conducts analytics on a submitted object
120, notably an object including one or more scripts (here-
inafter, “script object”). In particular, the cybersecurity
analytic logic 100 is configured to identify whether an
incoming object (e.g., file, web content, electronic mail
message, etc.) includes one or more scripts and thereby
constitutes a script object 120. Upon detection of the script
object 120, the cybersecurity analytic logic 100 is config-
ured to (i) recover code associated with a script, (ii) identify
the functional code blocks within the recovered code, (iii)
identify “suspicious” functional code blocks that include
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critical code statements and/or functional code blocks that
include evasive code statements structured to evade cyber-
threat detection, (iv) determine relationships between the
functional code blocks to generate a conditional flow graph
identifying the inter-relationship between the functional
code blocks forming multiple code execution paths, and (v)
encourage execution of certain code execution paths that
include one or more functional code blocks including critical
code statements (e.g., referred to as “critical code execution
paths™) and attempt to bypass code execution paths includ-
ing one or more functional code blocks including evasive
code statements (e.g., referred to as “evasive code execution
paths™).

Herein, the cloud network 110 (e.g., a public cloud
network such as Microsoft Azure®, or Amazon Web Ser-
vices®, or Google Cloud®, etc.) is a fully virtualized,
multi-tenant cloud service made available through one or
more data centers (not shown). Each data center(s) includes
a plurality of servers maintained by a provider of the cloud
network 110. The servers include logic, operating as virtual
resources, which are offered by the cloud network 110 and
made available to the general public over the Internet, over
which the script object 120 may be provided. As an illus-
trative example, the cybersecurity analytic logic 100 may be
maintained with cloud-based storage (e.g., non-transitory
storage medium represented as a storage instance such one
or more S3 storage instances within Amazon Web Ser-
vices®, etc.) and processed by processor (e.g., a virtual
processor as one or more processor-based instances such as
EC2 instances within Amazon Web Services®, etc.).

Herein, the operations of the cybersecurity analytic logic
100 (deployed within the cloud network 110) include iden-
tifying certain functional code blocks of the script object 120
having critical and/or evasive code statements and directing
execution, within a virtual environment, of certain func-
tional code blocks including the critical code statement(s)
while attempting to bypass other functional code blocks
including evasive code statement(s). In particular, the execu-
tion of the script may be controlled by modifying the script
to promote the execution of functional code blocks having
critical code statements over one or more critical code
execution paths. The modification of the script may be
conducted iteratively so that, for each iterative processing
cycle by the virtual environment, the code associated with
that modified script is executed to propagate along a par-
ticular code execution path, which is selected in an attempt
to avoid one or more functional code blocks that may
operate as evasive code.

The event data produced by execution of the script along
different critical code execution paths (e.g., behaviors of the
virtual machine executing the script along the code execu-
tion paths) are gathered for analysis by a classification
engine (see FIG. 2) deployed within the cybersecurity ana-
Iytic logic 100. More specifically, the classification engine
may be configured to perform analytics on the collected
behaviors to determine a presence of any cyberthreats.
Based on this determination, the cybersecurity analytic logic
100 generates one or more alert messages 130 (hereinafter,
“alert message(s)”) to one or more administrators. The alert
message(s) 130 may include a portion of the analytic results,
which may be rendered for display and further evaluation by
a security administrator. It is contemplated that the genera-
tion of alert message(s) 130 may encompass or signal the
administrators that the analytic results are accessible.

Although not shown in FIG. 1A, the cybersecurity ana-
Iytic logic 100 may be configured to aggregate its analytic
results to generate a single display (dashboard) to visually
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illustrate the presence of any potential cyberthreats. Addi-
tionally, the cybersecurity analytic logic 100 may be con-
figured to identify the functional code block and/or the code
execution path associated with a potential cyberthreat to
facilitate a more detailed analysis of the script object 120 by
a forensic team.

Referring to FIG. 1B, an exemplary embodiment of a
hosted service (on-premises) deployment for the cybersecu-
rity analytic logic 100, which is installed within an on-
premises network device 140 is shown. The network device
140 may include a processor (e.g., hardware processor) 150,
a non-transitory storage medium (e.g., memory) 152 and a
network interface 154, which are communicatively coupled
together via one or more transmission mediums 156, for
establishing and maintaining communications over a net-
work 158. The operability of the cybersecurity analytic logic
100 is similar to those operations described above.

Referring now to FIG. 1C, an exemplary embodiment of
a hybrid cybersecurity analytic logic 100 including a first
stage of the cybersecurity analytic logic 100 (hereinafter,
“first cybersecurity analytic stage 160”) and a second stage
of the cybersecurity analytic logic 170 (hereinafter, “second
cybersecurity analytic stage 170”) is shown. Herein, the first
cybersecurity analytic stage 160 may be configured to (i)
receive the script object 120 (operation A) and (ii) determine
whether a script 180 within the script object 120 is suspi-
cious (operation B). This determination may involve a
preliminary analysis of functional code blocks associated
with the script 180 to determine whether any of the func-
tional code blocks include at least a critical code statement
and/or an evasive code statement.

If the first cybersecurity analytic stage 160 determines
that the script 180 is suspicious, at least the script 180 is
accessible to the second cybersecurity analytic stage 170
operating as part of the cloud services 110 (operation C). As
shown, the suspicious script 180 may be uploaded to the
second cybersecurity analytic stage 170. Alternatively, in
lieu of the script 180 itself, a reference to a stored location
with the contents of the script 180 may be uploaded or the
script object 120 may be uploaded to operate as part of cloud
services within the cloud network 110.

Upon receipt of the suspicious script object 180 (opera-
tion D), the second cybersecurity analytic stage 170 identi-
fies certain functional code blocks of the script 180 that may
include evasive code statements. Logic within the second
cybersecurity analytic stage 170 is configured to control
execution of functional code blocks, within a virtual envi-
ronment, in efforts to bypass the functional code blocks with
the evasive code (operation E). The bypassing may be
accomplished by modifying the script 180 in an iterative
manner to promote the execution of code associated with
code execution paths in efforts to avoid one or more func-
tional code blocks including the evasive code.

During this code execution, behaviors associated with the
script 180 and/or the virtual machine of the virtual environ-
ment are gathered for analysis by a classification engine
deployed within the second cybersecurity analytic stage 170
(operation F). The classification engine may be configured to
perform analytics on the collected behaviors to determine a
presence of any cyberthreats, where the alert message(s) 130
are issued to one or more administrators that identify
detected cyberthreats (operation ). The processing/storage
architecture would be a combination of the architectures
described for FIGS. 1A-1B.

Referring now to FIG. 2, an exemplary embodiment of the
cybersecurity analytic logic 100 of FIGS. 1A-1C is shown.
According to one embodiment of the disclosure, the cyber-
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security analytic logic 100 includes a multi-stage analytic
engine 200, a classification engine 230 and an alert engine
250. The multi-stage analytic engine 200 is configured to
receive the object 120 and conduct analytics on the script
180 included as part of the object 120. As an example, these
analytics may include, but are not limited or restricted to the
following: (i) segmenting code associated with the script
180 into a plurality of functional code blocks, (ii) determin-
ing relationships between the plurality of functional code
blocks that identify one or more code execution paths that
identify potential execution flows of the code forming the
script 180, and (iii) determining whether any of the func-
tional code blocks may include critical code statements
and/or evasive code statements.

Herein, the analytics are conducted by logic within the
multi-stage analytic engine 200 to determine what modifi-
cations to the code within the script 180, if any, are neces-
sary to direct execution to the functional code block(s) with
one or more critical code statements instead of the functional
code blocks with one or more evasive code statements. Such
code modifications may be made in an iterative manner (e.g.,
sequential and independent modification of the script 180) to
promote the execution of functional code blocks, within a
virtual environment, where evasive code statements may
have intentionally delayed or precluded their execution if
analyzed by conventional analysis systems. The multi-stage
analytic engine 200 is further configured to monitor for
behaviors 210 that occur during execution of a modified
script (e.g., behaviors 210 of the virtual environment and/or
the script 180).

The multi-stage analytic engine 200 may be further con-
figured to determine whether the submitted object 120 is
malicious or benign, based on prior analytic results con-
ducted on the submitted object. Upon detecting malicious
results for the submitted object 120, the multi-stage analytic
engine 200 may route the uncovered malicious results to the
alert engine 250 via a first communication path 270 for
subsequent reporting through the alert message(s) 130.
Alternatively, upon detecting benign results for the submit-
ted object 120, the multi-stage analytic engine 200 may
route the uncovered benign results to the alert engine 250 via
a second communication path 280 for subsequent reporting
through the alert message(s) 130.

The classification engine 230 may be configured to
receive (passively or actively retrieve) some or all of the
behaviors 210 along with meta-information 220 associated
with the script object 120. This meta-information 220 may
include information identifying a source of the script object
120 (e.g., source address, host name, etc.), a destination of
the script object 120 (e.g., destination address, etc.), name of
the script object 120, time of receipt, or the like. As part of
the meta-information 220, the classification engine 230 may
be configured to receive information associated with the
conditional flow graph (e.g., names of functional code
blocks including critical code statements and/or evasive
code statements, representation of the conditional flow
graph, etc.).

Thereafter, the classification engine 230 is configured to
determine whether the script object 120 is malicious based
at least on the behaviors 210 monitored by the multi-stage
analytic engine 200. The collected behaviors 210 may be
received by the classification engine 230 (i) after execution
of'each modified script that encourages execution away from
any evasive code execution path of the script 180 or (ii) as
an aggregate of behaviors produced by execution of one or
more modified scripts targeting all of the code execution
paths forming the script 180, or (iii) as an aggregate of
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behaviors produced by execution of one or more modified
scripts over a subset of these code execution paths if the total
time allocated for analysis of the modified scripts would be
exceeded if all of the code execution paths are analyzed.
This subset of code execution paths may be selected based,
at least in part, on a priority assigned to each code execution
path using threat weight values as described below (e.g.,
choosing code execution paths starting at a top-level func-
tional code block with the highest threat weight value and
selecting subsequent functional code blocks based on the
threat weight value associated with the functional code
block).

The classification engine 230 may assign a cyberthreat
score to the script object 120 based on a level of correlation
between the monitored events (e.g., behaviors, sequence of
behaviors, meta-information associated with the script
object 120, etc.) and events associated with known malware
(e.g., malicious behaviors and/or sequences of behaviors of
previously identified malware, behaviors and/or sequences
of behaviors of legitimate code). If the cyberthreat score
exceeds a threshold, the script object 120 is associated with
a cyberthreat, and thus, the script object 120 is classified as
malicious.

Analytic results 240 produced by the classification engine
230 are provided to the alert engine 250. The alert engine
250 is configured to organize the results 240 associated with
the analyses performed on the script object 120 and provide
an alert message(s) 260 in the form of a message (e.g.,
“threat warning” text or other electronic message) or a
displayable report generated and made available to a secu-
rity administrator (e.g., accessible via a portal or received as
part of a message). The analytic results 240 may include the
cyberthreat score determined for the script object 120 as
well as behavior(s) associated with a determination of
maliciousness, the meta-information 220 associated with the
script object 120, which may further include information
associated with the conditional flow graph.

Referring now to FIG. 3A, an exemplary embodiment of
the multi-stage analytic engine 200 of FIG. 2 is shown.
Herein, the multi-stage analytic engine 200 comprises a first
(initial) analytic stage 300, a second (intermediary) analytic
stage 310 and a third (behavioral) analytic stage 330. Herein,
the first analytic stage 300 includes pre-filter logic 305,
which configured to conduct an initial classification of an
incoming object 120 to determine whether the object 120 is
“suspicious.” According to one embodiment of the disclo-
sure, the pre-filter logic 305 is configured to classify a
submitted object as “suspicious” if the object includes one or
more scripts 180 (i.e., object 120 constitutes a script object).
However, according to another embodiment of the disclo-
sure, the pre-filter logic 305 may be configured to conduct
a preliminary analysis of the script object 120 (e.g., deter-
mine whether the script object 120 is from a trusted source,
analysis of function names for comparison with functions
names used by previously detected malicious script, etc.) to
determine whether the script object 120 is malicious (or
benign). Responsive to an initial malicious (or benign)
classification, the pre-filter logic 305 may bypass further
analyses of the script object 120 by the second analytic stage
310 and/or the third analytic stage 330, given that additional
analyses of the script object 120 are unnecessary, as repre-
sented by communication paths 270 and 280.

Referring still to FIG. 3A, the second (intermediary)
analytic stage 310 features conditional flow graph genera-
tion logic 312, functional code block weighting logic 314,
code execution path prioritization logic 316, script code
coverage logic 320, script code modification logic 322, and
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a data store 318. The second analytic stage 310 provides
logic that forms a framework for dynamically modifying
suspicious scripts 180 to direct execution of functional code
blocks with critical code statements and attempt to bypass
functional code blocks with evasive code statements that
may prevent detection of malware within the script 180.

According to one embodiment of the disclosure, the
conditional flow graph generation logic 312 is configured to
receive the script 180 extracted from the script object 120
and generate a conditional flow graph. The conditional flow
graph may correspond to a graphical representation of the
functional code blocks forming the script 180 and the
relationships between these functional code blocks.

More specifically, as shown in FIGS. 3A-3B, the condi-
tional flow graph generation logic 312 may be configured to
receive the script 180, after being parsed from the script
object 120, to identify (i) one or more functional code blocks
350,-350,, (M=1; M=5) included in the script 180 and (ii)
relationships between the functional code blocks 350,-350.
These relationships may represent the interaction between
the functional code blocks 350,-350, forming the script 180,
where certain functional code blocks may communicate with
other functional code block(s) in accordance with a parent/
child relationship.

For example, as shown in FIGS. 3B-3C, the AutoOpen( )
functional code block 350" may be represented as a first
node 365, operating as a “parent” functional code block
while the CheckMe( ) functional code block 350, may be
represented as a second node 365, operating as a “child”
functional code block. The relationship is captured with the
first node 365, being positioned as a higher-layer functional
code block than the second node 365, within the conditional
flow graph 360 of FIG. 3C.

Referring to both FIGS. 3B-3C, the conditional flow
graph 360 may further include one or more changes in
control (e.g., BRANCH instructions, IF-ELSE instructions,
JUMP instructions), which may be represented as separate
nodes 365,-365, within the conditional flow graph 360. For
example, as shown, a change in control (e.g., IF-ELSE
statement 355) may correspond functional code blocks 350;-
350,, which influence the interaction between the
CheckMe( ) functional code block 350, and other functional
code blocks, such as TempWrt( ) functional code block 3505.
This interaction is represented by the third node 365, being
communicatively coupled to a fifth node 365, representing
the TempWrt( ) functional code block 3505 and the fourth
node 365, concludes operation of the script 180 based on an
Application.Quit command 357. The contents of the condi-
tional flow graph 360, representing the interaction between
the functional code blocks 350,-3505, are made available to
the functional code block weighting logic 314 of FIG. 3A.

Herein, according to one embodiment of the disclosure, as
shown in FIG. 3C, the functional code block weighting logic
314 may be configured to identify whether any functional
code blocks 350,-350 of the script 180 include one or more
“critical code statements,” namely whether the code state-
ments feature (1) a first level of correlation with code
statements associated with known malware and/or (ii) a
second level of correlation (substantially less than the first
level of correlation) with code statements associated with
known goodware. Additionally, the functional code block
weighting logic 314 may be further configured to identify
whether any functional code blocks 350,-350, of the script
180 include one or more “evasive code statements,” namely
code that may be used to (i) preclude (halt) the script 180
from completing its execution (e.g., terminates, causes a
system crash, etc.) or (ii) intentionally delay execution of
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other functional code blocks (e.g., use a change of control to
unreasonably delay execution).

Thereafter, the functional code block weighting logic 314
assigns a first metric type 370,-3705 (hereinafter, “threat
weight value”) to each functional code block 350,-350,,
where each threat weight value 370,-3705 identifies the
likelihood of a corresponding functional code blocks 350, -
3505 including one or more critical code statements. Simi-
larly, the functional code block weighting logic 314 assigns
a second metric type 372,-372. (hereinafter, “evasive weight
value”) to each functional code block 350,-350,, where each
evasive weight value 372,-372. identifies the likelihood of
a corresponding functional code blocks 350,-3505 including
one or more evasive code statements.

According to one embodiment, each assigned threat
weight value 370,, . . ., or 3705 may be based, at least in
part, on (1) a presence of one or more critical code state-
ments within a particular functional code block and (2) a
degree of correlation between the critical code statement(s)
within a particular functional code block and critical code
statements associated with known malware and/or known
goodware. Also, each assigned evasive weight value
372,, ..., or 3725 may be based, at least in part, on (1) a
presence of one or more evasive code statement(s) within a
particular functional code block and/or (2) a degree of
correlation between the evasive code statement(s) and eva-
sive code statements associated with known malware. To
determine the correlation between the critical (or evasive)
code statement(s) within the particular functional code block
and the code statements associated with known malware
and/or known goodware, the functional code block weight-
ing logic 314 may be configured with access to a data store
325 including cybersecurity intelligence, including code
statements associated with known malicious code or known
benign code that are previously detected by the cybersecu-
rity analytic logic 100, other cybersecurity analytic logic
deployments, third party sources, or the like. Also, threat
weight values, evasive weight values, and a mapping
between the values and corresponding condition/evasive
code statements may be stored.

Furthermore, if multiple (i.e., two or more) critical (or
evasive) code statements are included as part of a certain
functional code block, the total threat weight value for a
certain functional code block may be computed in accor-
dance with any number of weighting computations. For
instance, if multiple critical code statements are included
within a functional code block, the threat weight value for
this functional code block may be an aggregate of the threat
weight values assigned to each critical code statement.
Alternatively, the threat weight value for this functional code
block may be assigned an average of the threat weight values
assigned to each critical code statement, a minimum threat
weight value for multiple critical code statements, a maxi-
mum threat weight value for multiple critical code state-
ments, a determined threat weight value with an additional
threat weight value enhancement given multiple critical
code statements are included as part of the certain functional
code block. Similarly, a threat weight value applied to a
functional code block with no critical code statements (e.g.,
functional code block 350,-350,) may be set to “zero”,
where the threat weight values are increased based on a
potential severity of malicious of the critical code state-
ments.

Similarly, if multiple evasive code statements are
included within a functional code block, the evasive weight
value for this functional code block may be an aggregate of
the evasive weight values assigned to each critical code
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statement. Alternatively, the evasive weight value for this
functional code block may be assigned the average of the
evasive weight values assigned to each evasive code state-
ment, the minimum evasive weight value for multiple eva-
sive code statements, the maximum evasive weight value for
multiple evasive code statements, a determined evasive
weight value with a prescribed reduction in the evasive
weight value given multiple evasive code statements are
included as part of the certain functional code block. Simi-
larly, an evasive weight value applied to a functional code
block with no evasive code statements (e.g., functional code
block 350,-350, and 3505) may be set to “zero”, where the
evasive weight values may be static or decreased based on
a potential severity of evasiveness of the evasive code
statements.

Referring to FIGS. 3A & 3C, the code execution path
prioritization logic 316 is configured to distribute the deter-
mined threat weight values 370,-370 for the functional
code blocks 350,-3505 to identify code execution paths
375,-375, (L=1; L=2) for each execution thread. Herein, a
first code execution path 375, (associated within weighted
functional code blocks represented by nodes 365,-365, &
365) includes a critical code statement 358 while a second
code execution path 375, (associated within weighted func-
tional code blocks represented by nodes 365,-365, & 365,)
includes evasive code statement 355/357 (eg.,
Application.Quit command 357). According to one embodi-
ment of the disclosure, the code execution path prioritization
logic 316 continues to propagate threat weight values asso-
ciated with functional code blocks represented by nodes
365,-365;, starting with a lowest layered node 365, and
365, for each code execution path 375, and 375, of the
conditional flow graph 360. This threat weight value propa-
gation scheme continues until re-assignment of the weight
value 365, to the first node 365, associated with the highest
layer functional code block 350, is conducted.

More specifically, as shown in FIG. 3D for illustrative
purposes, code execution path prioritization logic 316 may
determine the threat weight value 3705 associated with the
lowest level functional code block(s) represented as the fifth
node 365, within the conditional flow graph 360. This threat
weight value 370, (wt=10) may be propagated upward in the
conditional flow graph 360 to a neighboring higher-level
node 365, where this threat weight value 3705 is combined
with the weight value 370 of the third node 365;. This
weight value propagation scheme, combining the threat
weight value of each “child” functional code block (e.g.,
threat weight value 3705 of the functional code block 350,)
with the threat weight value of its neighboring “parent”
functional code block (e.g., threat weight value 370, of the
functional code block 350,), produces a re-assigned threat
weight value 380, for the “parent” functional code block
350, being part of the conditional flow graph 360. The
evasive weight values 372,-372, are re-assigned throughout
the functional code block 350,-350,. It is noted that the
upward value propagation is described, although a person
skilled in the art may be a variety of schemes to identify
conditional and/or evasive code such as the use of tags, or
the like.

Thereafter, the code execution path prioritization logic
316 is configured to store the content associated with the
conditional flow graph 360. The contents may include, but
is not restricted or limited to the following: content of the
functional code blocks 350,-350,; reassigned threat weight
values 380,-380; (as initial threat weight values 370,-3705
remain unchanged); reassigned evasive weight values 382 -
382, (as initial evasive weight values 372;-372, associated
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with these functional code blocks 350;-350.; and/or identi-
fiers are associated with each code execution paths 375, -
375, to which each functional code block 350,-350, per-
tains. The contents may be stored within the data store 318
for subsequent access by the script code coverage logic 320.

Referring to both FIG. 3A and FIG. 3D, as certain changes
in the flow of execution, represented by the code execution
paths (e.g., 375,-375,), may indicate an evasion capability
in the script object 120, the script code coverage logic 320
is configured to select a particular code execution path from
multiple code execution paths represented by the conditional
flow graph 360 starting at a functional code block associated
with the highest reassigned threat weight value 380, and
avoiding any functional code blocks including one or more
evasive code statements (e.g., functional code block 350,).
After selection of the particular code execution path (e.g.,
code path 375)), the script code coverage logic 320 provides
information associated with the conditional flow graph 360
to the script code modification logic 322.

According to one embodiment of the disclosure, the script
code coverage logic 320 may rely on the reassigned threat
weight value 380, to determine a particular top-layer func-
tional block (and corresponding code execution paths) to
evaluate. Thereafter, the script code coverage logic 320 may
select code execution paths based on the reassigned (and
original) threat weight values, thereby ordering analysis of
the code execution paths based on threat level (and taking
into account evasive weight values when a code execution
path branches with the same threat weight values, but
different evasive weight values—avoiding the path with the
functional code block with a greater likelihood of including
an evasive code statement (e.g., higher evasive weight
value). According to another embodiment of the disclosure,
again, the script code coverage logic 320 may rely on the
reassigned threat weight value 380, to determine a particular
top-layer functional block (and code execution paths) to
evaluate. However, the script code coverage logic 320 may
select code execution paths based on the reassigned (and
original) evasive weight values and avoiding code execution
paths with evasive code by selecting the paths where the
evasive weight values decrease for subsequent layered func-
tional code blocks as shown in FIGS. 7A-7C. Of course, the
script code coverage logic 320 may conduct other types of
determinations (e.g., take path with lesser evasive weight
value if the difference between the threat weight values is
less than a prescribed value difference, etc.) while still
adjusting code under analysis to concentrate on functional
code blocks with threat code statements and avoid (and
modify) functional code blocks with evasive code state-
ments.

Herein, as shown in FIG. 3E, the script code modification
logic 322 is configured to modify content (code) of the script
180 associated with a change of control (hereinafter, “con-
trol code 385”) to propagate over a selected code execution
path (e.g., code execution path 375,). This enables the
behavioral analytic stage 330 to avoid potential evasive code
statements 357 within the functional code block 350,.
Therefore, by identifying a code execution path with a
higher likelihood of malicious code (e.g., code execution
path 3'751 in lieu of code execution path 375, that obfus-
cates potentially malicious code (critical code statement
358) within functional code block 3505), the script code
modification logic 322 effectively “forces” a bypass of the
evasive code statement 357 within the functional code block
350, (e.g., termination of the CheckMe( ) function when the
IF statement is FALSE). The bypassing of the evasive code
statement 357 is conducted to (i) encourage execution of
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potential malicious code (critical code statement 358) con-
tained within the script 180 that may be obfuscated (or
hidden) and (ii) achieve a more accurate classification of the
script object 120 through the encouraged execution.
Depending on the number (N) of code execution paths, the
script code coverage logic 320 and the script code modifi-
cation logic 322 may be configured to iteratively modify the
script 180 to generate up to “N” modified scripts 390,-390,,
that execute functional code blocks along different code
execution paths.

Referring back to FIG. 3A, the third (behavior) analytic
stage 330 includes virtualization logic 340 and object pro-
cessing logic 345. The virtualization logic 340 is configured
to (i) receive, from the script code modification logic 322,
modified scripts 390,-390,, that encourages analyses of
different code execution paths and (ii) provision the object
processing logic 345 for execution of these modified scripts
390,-390,,. According to one embodiment of the disclosure,
the object processing logic 345 may include one or more
virtual machine instances, which are provisioned by the
virtualization logic 340 in accordance with a guest image
(e.g., an operating system and one or more applications).
The guest image may be factory-provided and subsequently
configurable to provide a virtual environment consistent
with a targeted network device and/or may be preconfigured
to represent a particular customer’s network deployment.
The virtual machine instance(s) may be used to establish a
monitored, virtual environment in which the modified script
objects are executed.

The object processing logic 345 is further configured to
collect behaviors generated during successive execution of
each modified script 390,, . . ., 390,, especially behaviors
generated by functional code blocks along some or all of the
non-evasive code execution paths. As described above, the
object processing logic 345 receives modified scripts 390,
..., 390, in an iterative manner as controlled over a
feedback loop 395 that signals a request for a next modified
script associated with the script object 120 (if any), executes
these modified script 390, . . ., 390,,and collects behaviors
of the virtual machine instance(s) and/or objects themselves
for evaluation by the classification engine 230, as described
above.

Referring to FIG. 4A, an exemplary embodiment of a
flowchart illustrating operations of the cybersecurity ana-
Iytic logic 100 of FIG. 2 in generating a weighted condi-
tional flow graph is shown. Herein, a suspicious script object
is received by the cybersecurity analytic logic (operation
400). Upon receipt of the script object, a determination is
made whether code associated with the script being part of
the script object is accessible (operation 405). If not, the
script is extracted from the protected script object and later
re-inserted into an unprotected object without the script to
reform an unprotected, script object, as shown in FIG. 4B
(operations 410-420).

As shown in FIG. 4B, upon detecting a protected script
object (operation 405), where access to code within the
script object is unavailable, a script associated with the script
object is extracted (operation 410). As a result, an object
without the extracted script (hereinafter, “unprotected
object”) remains and is saved (operation 412). Thereafter, as
illustrated in operations 414, 416 and 418, the extracted
script is reinserted into the unprotected object to produce a
script object in an unprotected state (hereinafter, an “unpro-
tected script object”). The unprotected script object is rein-
troduced and subject to further analysis by the conditional
flow graph generation logic (operation 420).
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Returning back to FIG. 4A, the script associated with the
script object under analysis is scanned to identify “N”
functional code blocks (operation 425). After identifying
these “N” functional code blocks, the cybersecurity analytic
logic determines the relationships between the “N” func-
tional code blocks to generate a conditional flow graph
(operation 430). The relationships between the “N” func-
tional code blocks establish code execution paths that denote
alternative execution flows through the script object. Each
code execution paths may be associated with an identifier for
use in associating monitored behaviors with the particular
thread of execution and the code execution path for that
thread.

After identification, the functional code blocks are parsed
to identify certain types of content (code statements) from
each of these functional code blocks (operations 435). From
the content, the functional code block weighting logic deter-
mines whether any of the functional code blocks include a
critical code statement and/or an evasive code statement
(operation 440). The presence (or absence) of critical code
statements is relied upon by the functional code block
weighting logic in the assignment of threat weight values to
each of the functional code blocks in order to generate a
weighted conditional flow graph (operations 445, 450 and
455). The weighted conditional flow graph is generated by
the code path prioritization logic re-adjusting threat weight
values for functional code blocks forming the code execu-
tion paths so that a representation of each top-layer func-
tional code blocks identifies aggregated weight values for
code execution paths initiating from that top-layer functional
code block. The evasive weight values assigned to each of
the functional code blocks by the functional code block
weighting logic are similarly altered to identify which
functional code block(s) may include evasive code state-
ments (based on lesser evasive weight value changes evalu-
ated from top-layer functional code blocks to their lower
layer functional code blocks so as to select code execution
paths that avoid (or at least delay) execution of the func-
tional code block(s).

According to one embodiment of the disclosure, the
functional code block weighting logic may be configured to
assign (i) a first cybersecurity metric (e.g., threat weight
value) to identify a functional code block including one or
more critical code statements and (ii) a second cybersecurity
metric (e.g., evasive weight value) to identify a functional
code block that includes one or more evasive code state-
ments. Herein, each threat weight value conveys both a
presence of one or more critical code statements and a
degree of potential maliciousness of the critical code state-
ment(s) (e.g., greater likelihood of malicious code being
assigned a greater threat weight value). Each evasive weight
value conveys both a presence of one or more evasive code
statements and a likelihood of the code statement being
evasive (e.g., greater likelihood of evasive code being
assigned a lesser (more negative) evasive weight value).

Referring to FIG. 5, an exemplary embodiment of the
operations the object processing logic 345 of the multi-stage
analytic engine 200 in tagging events (e.g., behaviors)
generated during processing of a modified script object for
execution along a particular code execution path is shown.
Herein, the object processing logic is configured to execute
a portion of the modified script associated with a particular
code execution path (operation 500). Each event (e.g.,
behavior) generated during execution of the modified script
is assigned a tag to identify (i) an event handler identifier
(e.g., particular thread or process that generated the event)
and (ii) a path identifier (operations 510, 520 & 530).
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Thereafter, the behaviors (and this meta-information asso-
ciated with the behaviors) may be provided to the classifi-
cation engine (operation 540).

Herein, the evasion handler identifies a particular thread
that is responsible for generation of the event by processing
of a particular portion of the script associated with a par-
ticular code execution path. The path identifier represents
the code execution path in which the event was generated.
The path identifier may be configured to correspond to the
priority assigned to the code execution path, where a first
path identifier corresponds to a code execution path with a
highest priority, a second path identifier corresponds to a
code execution path with a next highest priority, and the like.
This meta-information may be used to identify a location of
evasive code and/or malicious code during classification,
which may be included as part of the analytic results 240
provided from the classification engine 230 of FIG. 2.

Referring now to FIG. 6, an exemplary embodiment of the
operations the script code modification logic 322 deployed
as part of the multi-stage analytic engine 200 of FIG. 3A is
shown. Herein, a change of control is identified in the code
associated with a code execution path with a script targeted
for analysis (block 600). The script code modification logic
322 is configured to determine the type of change of control
operation, and modify a portion of the script to control the
execution flow.

For example, the script code modification logic 322 may
be configured to determine if the change of control condition
causes early termination (exit) of the script (block 610). If
so, the script code modification logic 322 is configured to
modify code associated with the change of control condition
to include an “AND” statement to direct execution of the
script object to avoid a portion of the script object causing
the early termination to occur (block 620).

The script code modification logic 322 may be configured
to further determine if execution of the change of control
condition is desired to ensure execution of a particular
critical code statement (block 630). If so, the script code
modification logic 322 may be configured to modify code
associated with the change of control condition to include an
“OR TRUE” statement to direct execution of the script
object to a portion of the script object including the critical
code statement (block 640).

As further shown in FIG. 6, the script code modification
logic 322 may be further configured to determine if avoid-
ance of a particular execution of the change of control
condition is desired (block 650). If so, the script code
modification logic 322 may be configured to modify code
associated with the change of control condition to include an
“AND FALSE” statement to direct execution of the script to
a portion of the script other than the evasive code statement
(block 660).

Lastly, the script code modification logic 322 may be
further configured to determine if a split of a functional code
block to avoid certain code and continue execution of the
script object is desired (block 670). If so, the script code
modification logic 322 may be configured to modify code
associated with the change of control condition to include a
“RESUME NEXT” operator to direct execution of the script
object to certain code with the change of control condition
instead of precluding execution of code associated with the
particular functional code block (block 680).

Referring to FIG. 7A, an exemplary embodiment of an
illustrative condition flow graph 700 of an exemplary script
implemented as part of a script object is shown. Herein, a
first functional code block may be represented as a first node
710 operating as a “parent” functional code block while a
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second functional code block may be represented as a
second node 715 and operate as a “child” functional code
block. The relationship is captured with the first node 710
being positioned within the conditional flow graph as a
higher-layer functional code block than the second node
715.

The conditional flow graph 700 may further include one
or more changes in control, such as a first change of control
715 (e.g., IF code statement) represented as a third node 720
and a second change of control (e.g., ELSEIF code state-
ment) represented by a fourth node 725. As shown, the first
change in control 715 transitions to a third functional code
block, represented by a fifth node 730, when the IF code
statement returns a TRUE. Otherwise, the second change of
control 725 transitions to either a fourth functional code
block (represented by a sixth node 735) when the ELSEIF
code statement is TRUE or a fifth functional code block
(represented by an eighth node 745) when the ELSEIF code
statement is FALSE and the ELSE code statement (repre-
sented by an eighth node 740) is TRUE.

According to this illustrative embodiment, the functional
code block weighting logic is configured to identify func-
tional code blocks that include one or more critical code
statements and assign a first metric to those functional code
blocks. Herein, the functional code block weighting logic
identifies the third, fourth and fifth functional code blocks
730, 735, 745 may include one or more critical code
statements while the IF code statement 720 may be poten-
tially classified as another critical code statement. The threat
weight values (wt) 7505, 750,-750 and 750, associated with
nodes 720, 730, 735 and 745 correspond to a different
values, such as a first threat weight value (e.g., wt=5), a
second threat weight value (e.g., wt=10), a third threat
weight value (e.g., wt=8) and a fourth threat weight value
(e.g., wt=0), respectively. As stated above, the assignment of
the threat weight values would be based on levels of
correlation of the critical code statements to code statements
associated with known malware and/or code statements
associated with known goodware. A threat weight value of
zero identifies that, according to the analyses of the corre-
sponding code does not include any critical code statements.

Similarly, the functional code block weighting logic is
configured to identify the fourth functional code block 735
includes one or more evasive code statements, and thus, is
fourth functional code block 735 is assigned an evasive
weight value 7704 (ewt=5) to identify the code block 735
potentially includes evasive code. As stated above, the
assignment of the evasive weight value could be based on
levels of correlation of the evasive code statement to code
statements associated with known malware with evasive
capabilities and/or to code statements associated with known
goodware.

Referring now to FIG. 7B, an exemplary embodiment of
the weighted, prioritized condition flow graph of the script
object of FIG. 7A is shown. Herein, the code execution path
prioritization logic of FIG. 3A may determine the threat
weight value 7504 associated with the lowest level func-
tional code block(s) represented as the eight node 745 within
the conditional flow graph 700. This threat weight value
750, (Wt=6) may be propagated upward in the conditional
flow graph 700 to a neighboring higher-level node (e.g.,
seventh node 740), where this threat weight value 750 is
combined with the weight value 750, of the seventh node
740. This weight value propagation scheme continues to
reassign threat weight values of each “child” functional code
block with the threat weight value of its neighboring “par-
ent” functional code block, produces the weighted, priori-
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tized conditional flow graph 760. The evasive weight values
770,-770, may be conducted in accordance with a similar
propagation scheme associated with the particular nodes
710-745, respectively.

Thereafter, as shown in FIG. 7C, the script code coverage
logic is configured to select a first code execution path 780
from multiple code execution paths 780-782 represented by
the weighted, prioritized conditional flow graph 760 starting
at the functional code block associated with the highest
reassigned threat weight value (e.g., first functional code
block 710 instead of sixth functional code block 785) and
attempting to avoid functional code blocks including one or
more evasive code statements (e.g., fourth functional code
block 735). After selection of the particular code execution
path (e.g., code path 780), the script code coverage logic 320
provides information associated with the weighted, priori-
tized conditional flow graph 760 to the script code modifi-
cation logic.

Thereafter, the script code coverage logic may be config-
ured to select a second code execution path 781 originating
from the first functional code block 710. According to one
embodiment of the disclosure, as the behavioral stage analy-
ses may be conducted concurrently, the second code execu-
tion path 781 may be selected from the sequence of nodes
reassigned the next highest threat weight value (e.g., third
code execution path 782), given that execution of the code
associated with the code execution paths may be conducted
concurrently. Alternatively, the script code coverage logic
may detect that the potential second code execution path 781
includes one or more evasive code statements (e.g., by
maintaining a consistent evasive weight value of 5 until the
path separation at functional block 725), and as a result,
modifies the script to execute the third code execution path
782 prior to the execution of code associated with the second
code execution path 781 to delay execution of the evasive
code within the script.

In the foregoing description, the invention is described
with reference to specific exemplary embodiments thereof.
However, it will be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth in the
appended claims.

What is claimed is:

1. A system for improved detection of cybersecurity
threats for an object, comprising:

a processor; and

a non-transitory storage medium communicatively

coupled to the processor, the non-transitory storage

medium configured to store

multi-stage analytic engine configured to (i) determine
whether the object includes a script, (ii) analyze the
script by at least (a) determining whether functional
code blocks forming the script include a code state-
ment that causes a change of control, and (b) modi-
fying the script to control processing of the func-
tional code blocks to at least (i) avoid processing of
a first subset of the functional code blocks forming
an execution code path and including a first type of
code statement and (ii) process a second subset of the
functional code blocks forming a code path and
including a second type of code statement, and

a classification engine configured to receive behaviors
monitored during execution of the modified script to
determine whether the script including cybersecurity
threats.

2. The system of claim 1, wherein the processor corre-
sponds to a processor instance within a cloud network and
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the non-transitory storage medium corresponds to a storage
instance within the cloud network.

3. The system of claim 1, wherein the code statement that
causes the change of control is a BRANCH code statement,
a JUMP code statement, an IF code statement, or an IF-
ELSE code statement.

4. The system of claim 1, wherein the multi-stage analytic
engine includes a first analytic stage configured to conduct
an initial evaluation of an incoming object to determine
whether the object includes the script and operates as the
script object, a second analytic stage to process the script to
recover behaviors based on analysis within the second
analytic stage, and a third analytic stage to collect behaviors
generated during execution of the modified script.

5. The system of claim 4, wherein the first analytic stage
of the multi-stage analytic engine includes pre-filter logic
that is configured to further conduct a preliminary analysis
of the object and either (i) provide the script associated with
the object to the second analytic stage when a classification
of the object is inconclusive or (ii) bypass the second
analytic stage and the third analytic stage when the object is
classified as benign or malicious.

6. The system of claim 4, wherein the second analytic
stage of the multi-stage analytic engine further includes
functional code block weighting logic configured to deter-
mine whether any of the functional code blocks include a
critical code statement that includes one or more instructions
having at least (i) a first level of correlation with code
statements associated with known malware or (ii) a second
level of correlation with code statements associated with
known goodware.

7. The system of claim 1, wherein the second analytic
stage of the multi-stage analytic engine further includes
functional code block weighting logic configured to deter-
mine whether any of the functional code blocks include an
evasive code statement, the evasive code statement includes
a portion of code that halts the script from completing its
execution or intentionally delays execution of at least a
portion of the functional code blocks.

8. The system of claim 7, wherein the functional code
block weighting logic configured to determine whether any
of the functional code blocks include the evasive code
statement by at least (i) analyzing code statements within
each functional code block of the one or more functional
code blocks to determine whether at least one of the code
statements include code that precludes or halts the script
from completing its execution or intentionally delays execu-
tion, and (ii) assigning an evasive weight value to identify a
likelihood of the functional code block including an evasive
code statement.

9. The system of claim 8, wherein the second analytic
stage of the multi-stage analytic engine further includes code
execution path prioritization logic configured to distribute at
least evasive weight value assigned to each of the functional
code blocks to identity the code execution path including the
evasive code statement.

10. The system of claim 1, wherein the multi-stage
analytic engine to analyze the script associated with the
object and, upon detecting that the object is a protected
script object where access to code within the object is
unavailable, extract the script from the object to produce the
script and an unprotected object, store the unprotected object
and reinsert the extracted script into the unprotected object
to produce the object for analysis.
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11. A computerized method for improved detection of
cybersecurity threats initiated by a script, comprising:

determining whether an object includes a script;

analyzing the script by at least (a) determining whether
functional code blocks forming the script include a
code statement that causes a change of control, and (b)
modifying the script to control processing of a subset of
the functional code blocks to at least (i) avoid process-
ing of a first subset of the functional code blocks
forming an execution code path and including a first
type of code statement and (ii) process a second subset
of the functional code blocks forming a code path and
including a second type of code statement;

receiving behaviors monitored during execution of the

modified script; and

determining whether the script includes cybersecurity

threats based on the monitored behaviors.

12. The computerized method of claim 11, wherein the
determining whether the one or more functional code blocks
includes the code statement that causes the change of control
is a BRANCH code statement, a JUMP code statement, an
IF code statement, or an IF-ELSE code statement.

13. The computerized method of claim 11, wherein the
determining whether the functional code blocks forming the
script include a code statement that causes a change of
control comprises determining whether any of the functional
code blocks include a critical code statement, the critical
code statement corresponds to one or more instructions
having at least (i) a first level of correlation with code
statements associated with known malware or (ii) a second
level of correlation with code statements associated with
known goodware.

14. The computerized method of claim 13, wherein prior
to determining whether at least one functional code block of
the functional code blocks forming the script include a
critical code statement, the computerized method further
comprising:

conducting a preliminary analysis of the object and either

(1) providing the script associated with the object for
analysis to determine whether any functional code
blocks forming the script include the critical code
statement or (ii) bypassing the analysis when the object
is classified as benign or malicious.

15. The computerized method of claim 14, wherein the
determining whether any of the functional code blocks
include a critical code statement comprises (i) analyzing
code statements within each functional code block of the
functional code blocks to determine whether at least a first
level of correlation exists between a code statement within
a functional code block of the functional code blocks and
code statements associated with known malware and (ii)
assigning a threat weight value to identify a likelihood of the
functional code block including a critical code statement.

16. The computerized method of claim 11, wherein the
determining whether the one or more functional code blocks
forming the script include a code statement that causes a
change of control comprises determining whether any of the
one or more functional code blocks include an evasive code
statement, the evasive code statement includes a portion of
code that halts the script from completing its execution or
intentionally delays execution of at least a portion of the
functional code blocks.

17. The computerized method of claim 16, wherein the
determining whether any of the functional code blocks
include the evasive code statement comprises (i) analyzing
code statements within each functional code block of the
functional code blocks to determine whether any of the code
statements include code that precludes or halts the script
from completing its execution or intentionally delays execu-
tion of at least some of the functional code blocks, and (ii)
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assigning an evasive weight value to identify a likelihood of
the functional code block including an evasive code state-
ment.

18. The computerized method of claim 17, wherein the
modifying of the script to control processing of the func-
tional code blocks comprises distributing at least evasive
weight values assigned to each of the functional code blocks
to identify the code execution path including the evasive
code statement.

19. A non-transitory storage medium including software
that, upon execution by one or more processors, causes the
software to detect cybersecurity threats initiated by a script
by performing operations comprising:

determining whether an object includes a script;

analyzing the script by at least (a) determining whether

functional code blocks forming the script include a
code statement that causes a change of control, and (b)
modifying the script to control processing of a subset of
the functional code blocks to at least (i) avoid process-
ing of a first subset of the functional code blocks
forming an execution code path and including a first
type of code statement and ii) process a second subset
of the functional code blocks forming a code path and
including a second type of code statement;

receiving behaviors monitored during execution of the

modified script; and

determining whether the script includes cybersecurity

threats based on the monitored behaviors.

20. The non-transitory storage medium of claim 19,
wherein the determining,

by the software, whether the functional code blocks

includes the code statement that causes the change of
control comprises determining whether the functional
code blocks include a BRANCH code statement, a
JUMP code statement, an IF code statement, or an
IF-ELSE code statement.

21. The non-transitory storage medium of claim 20,
wherein the determining,

by the software, whether the functional code blocks

forming the script include a code statement that causes
a change of control comprises determining whether any
of the functional code blocks include a critical code
statement, the critical code statement corresponds to
one or more instructions having at least (i) a first level
of correlation with code statements associated with
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known malware or (ii) a second level of correlation
with code statements associated with known goodware.

22. The non-transitory storage medium of claim 21,
wherein prior to determining, by the software, whether at
least one functional code block of the functional code blocks
forming the script include a critical code statement, the
software is further configured to perform one or more
operations comprising:

conducting a preliminary analysis of the object and either

(1) providing the script associated with the object for
analysis to determine whether any of the functional
code blocks forming the script include the critical code
statement or (ii) bypassing the analysis when the object
is classified as benign or malicious.

23. The non-transitory storage medium of claim 22,
wherein the determining, by the software, whether any of the
functional code blocks include a critical code statement
comprises (i) analyzing code statements within each func-
tional code block of the functional code blocks to determine
whether at least a first level of correlation exists between a
code statement within a functional code block of the func-
tional code blocks and code statements associated with
known malware and (ii) assigning a threat weight value to
identify a likelihood of the functional code block including
a critical code statement.

24. The non-transitory storage medium of claim 19,
wherein the determining, by the software, whether the
functional code blocks forming the script include a code
statement that causes a change of control comprises deter-
mining whether any of the functional code blocks include an
evasive code statement, the evasive code statement includes
a portion of code that halts the script from completing its
execution or intentionally delays execution of at least a
portion of the functional code blocks.

25. The non-transitory storage medium of claim 24,
wherein the determining whether any of the functional code
blocks include the evasive code statement comprises (i)
analyzing code statements within each functional code block
of the functional code blocks to determine whether any of
the code statements include code that precludes or halts the
script from completing its execution or intentionally delays
execution of at least some of the functional code blocks, and
(ii) assigning an evasive weight value to identify a likeli-
hood of the functional code block including an evasive code
statement.



